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1. INTRODUCTION

For the analysis of lunar samples by x-ray diffraction, an instru-
ment is required which is capable of performing a measurement within a
reasonably short period of time. Many instrumental and operational prob-
lems may arise if the measurement itself requires a long interval of time.
Thus, a diffractometer which simultaneously detects and records the essen-
tial portion of the diffracted x-ray spectrum would be vastly superior to a
design utilizing a mechanical scanning mechanism which moves a detector
through the diffracted beam. The superiority of the simultaneously detected
and recorded technique, which is fundamentally an x-ray camera design, is
attributable to: (1) the conservation of electrical energy required to power
the scanning mechanism; (2) reduction of the total time required to obtain
the analytical data; (3) elimination of the possibility of garbled data due to
variations in the intensity of the primary x-ray beam resulting from vacil-
lation in the primary power source; and (4) elimination of moving mechan-
isms and other minor mechanical and operational considerations.

In the typical x-ray diffractometer a sample is placed in a colli-
mated beam of monochromatic x-radiation and the incident radiation is dif-

fracted at specific 26 angles in accordance with Bragg's law. A conventional

" diffractometer has a single detector which integrates the diffracted radiation

as the detector moves through a particular arc of 2§ angles. Scanning time

is variable on the normal laboratory instrument, so that some trade-off




may be made between the time required to obtain an x-ray pattern and the
characteristics of the individual reflection (such as intensity, spread, reso-
lution, etc.). Typical operating times for a scanning goniometer are around
90 minutes per pattern. With simultaneous detection and recording this
time can be substantially reduced. Evidence shows that integration times of
six minutes or less are very plausible.

The purpose of this program was to establish feasibility and design

" concepts utilizing multiple or stacked detectors, a single fixed detector, or

other pertinent detectors which appear suitable to detect and record an x-ray

diffraction spectrum without utilizing mechanical scanning mechanisms.
Because the nature of the program was inherently continuous,

many of the phases overlapped. They were, however, divisible into broad

categories: namely, optics, detectors, and data handling and presentation.



II. X-RAY OPTICS

A comprehensive study of optic systems of various x-ray camera
arrangements was made during the initial part of the program. Aisde from
the more obvious factors which apply specifically to the camera (e. g., in-
tensity of the incident beam, theoretical resolution, size and weight), it was
necessary to consider also compatibility with various detector designs.

Our analysis indicated only marginal acceptability of the Debye-
Scherrer camera design. The advantages of this type of camera lie mainly
in the fact that the resulting data cover almost 1800 28 with a single expo-
sure plus the fact that a double set of diffraction lines are simultaneously
recorded for each exposure. This is advantageous since it would permit
utilization of a greater number of detectors. The principal disadvantages
are: (1) the diffracted intensities are very low owing to the small cross-
section of the incident beam; (2) sample minuteness; (3) the problem of
sample preparation and loading; and (4) high precision alignment require-
ments after the specimen is loaded into the camera.

The feasibility of the Debye-Scherrer camera design was deter-
mined by measuring the combined intensities of the 100 and 101 reflections
from a powdered sample of a-quartz. This was accomplished by placing a
scintillation counter, from a standard x-ray diffractometer, beside a Debye-
Scherrer powder camera which had previously been positioned and aligned

according to normal x-ray camera practice. The experimental arrangement



is shown in Figure 1. By positioning the scintillation counter in the above-
described manner, that portion of the two diffracted beams which would nor-
mally fall on the camera cover was available for measurement. Using CuKa
radiation, at a power level of approximately 950 watts, the diffracted inten-
sities of the 100 and 101 reflections were only around 30 c/s. Direct beam
intensity was approximately 92, 200 ¢/s. The ratio of the direct to diffracted
intensity (3 X 108 c/s) was considered to be sufficient evidence to indicate
this procedure would, at best, be marginal.

Based on the above considerations, this camera design was deemed
less satisfactory than an arrangement using focusing optics.

The back-reflection type of x-ray camera is also unsuitable for
use as a lunar diffractometer. In a back-reflection camera pattern, only
those reflections are present which lie in the back-reflection quadrant. In-
asmuch as the principal identifying lines of the majority of known compounds
lie in the forward-reflection region, this optic arrangement was likewise
adjudged less desirable.

By utilizing focusing geometry, cameras can be constructed which
give much greater resolution and intensity without increased exposure times
as compared with Debye-Scherrer cameras of the same radius. Cameras
with this optical arrangement are frequently called Seemann-Bohlin cameras.
Furthermore, specimen preparation and loading are much simpler than with

Debye-Scherrer cameras.



-

DEBYE-SCHERRER CAMERA
(114.59mm Diameter)

SCINTILLATION
COUNTER

RN W \\

=

POWDERED
SPECIMEN

Figure 1. Experimental Arrangement to Determine Intensity of the
100 and 101 Reflections of Alpha Quartz.
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The superiority of curved optics versus a flat optic system is
shown in Table 1. These data were obtained by scanning a conventional
goniometer through the 200 reflection of aluminum using normal labora-
tory diffraction procedures. Curved and flat samples were used. As seen
in Table I, in all cases the intensity (measured as peak intensity above
background) of the curved sample is greater than for the flat sample. On
the average, curved optics will increase the intensity of a diffracted beam
by a factor of 16 to one. Other desirable considerations are also shown in
Table 1. A 5° take-off angle provides distinct improvement in peak inten-
sity when compared to a 1. 5° take-off angle; secondly, and logically, the
larger the divergence slit the greater the intensity. However, the diver-
gence slit width is limited by other features within the system, namely,
sample size. To capitalize on these advantages a focusing camera arrange-
ment was constructed. Figure 2 is a schematic representation and Figure
is a photograph of the actual mechanical arrangement. The camera was
built around an available standard x-ray tube for the sake of convenience,
although further substantial improvements may be realized by going to
a smaller size x-ray tube. However, the particular dimensions chosen
result in a radius of the Rowland circle which is very close to the radius
of the focusing circle for the Surveyor Bragg-type diffractometer at the 101
diffracted line of quartz, therebyallowing a direct comparison of all per-
formance characteristics of the two systems. The specific design param-

eters of the prototype camera are: (1) Rowland circle radius of either 8.8

6



TABLE 1

COMPARISON OF CURVED VS. FLAT OPTIC SYSTEMS

DIVERGENCE
SLIT
CURVED OPTICS FLAT OPTICS
1.5° Take-off (Relative Intensity, (Relative Intensity,
Angle counts/sec) counts/sec)
1°© 12 0.5
40 59 3.5
No Slit 75 4.0
50 Take-off
Angle
1°© 15 2.0
4° 88 5.5
No Slit 95 6.0

OPERATIONAL DATA:

CuKa radiation.
200 reflection of aluminum.
Radius of curved sample - 9.78'".

Norelco Diffractometer with goniometer.
Divergence slits adjacent to x-ray source.
Take-off angle measured as the vertical drop from
the shadow of the x-ray anode.
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or 17.3 centimeters; (2) curved sample holders one and 1.5 inches long,
respectively; (3) x-ray tube take-off angle of 5. 59; (4) anode-to-sample
distance of 7. 0 centimeters; (5) divergence slit width of 3mm and 3/8"
long, and (6) focal spot to divergent slit distance of 4.6 cm. When the
scintillation counter was used, an 0. 006" receiving slit and a set of
Soller slits were positioned adjacent to the detector. No Soller slits
were incorporated in the divergence slit mechanism adjacent to the
x-ray anode. A typical pattern of the first eight reflections (20.9° to
50.1° 28) from a sample of alpha quartz is shown in Figure 4. Figure 5
shows a typical pattern (36. 6° to 77.6° 2g). The patterns were made
with different Rowland circles; hence the need for two patterns. The
operational data for these patterns are summarized in Table II.

The main results obtained from these experimants are the peak
intensities for the diffracted lines, the resolution of the lines, and the
peak-to-background ratio. A peak intensity for the 10l reflection
(Figure4 ) is on the order of 10, 000 counts per second or about twice
the value obtained on the Surveyor Bragg-type diffractometer under
equivalent conditions. The resolution is 0.3°2a, which is somewhat
worse than the Surveyor instrument, but it is probable that a more pre-
cise design and alignment would result in improved resolution. The most
encouraging result, however, was the relatively high signal-to-background

ratio obtained. The value of this ratio was about {fifty, which is not worse

10
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TABLE 11

OPERATIONAL DATA FOR TYPICAL X-RAY
PATTERNS OF ALPHA QUARTZ

Figure 4 Figure 5

Rowland Circle Radius 17.3 . cm 8.8 cm

. Focusing Focusing
X-Ray Optics Asymmetric Asymmetric
Radiation CuKa CuKa
Power 25 watts 25 watts
Scale Factor 32 2
Multiplier 1 1
Time Constant 2 2
Pulse Height Discriminator:

Scale Factor 8 8

Base Voltage 7.5 7.2

Window Voltage 18 18

Gaip 20 20
Scintillation Counter Voltage 1000 1000
Divergence Slit 3 mm 3 mm
Receiving Slit 0.006" 0.003"
Scatter Slit None None
Full-Scale Deflection 12,800 c/s 800 c/s
Particle Size (Quartz) -325 =325

13



than the Bragg-type diffractomer and fairly constant over a wide
angular range.

For purposes of comparison, the maximum intensity of the
strongest peak (112 reflection) in Figure 5 is on the order of 700 counts
per second; resolution is 0.3°92¢; and peak-to-background ratio is about
15 to one.

Theoretical considerations indicate that intensity and signal-to-
background ratio should improve with a smaller Rowland circle radius.
This may be verified by comparing the 112 reflection in Figures4 and 5
In Figure 4 (obtained with the larger Rowland circle) this reflection
has an intensity of approximately 600 counts per second and peak-to-
background ratio of five to one. In Figure 5 (obtained with the smaller
circle) the peak intensity is approximatey 700 counts per second and
peak-to-background ratio is 15 to one. Thus a threefold gain in peak-to-
background ratio has been achieved. The reduction in the Rowland circle
radius was not a complete scale-down inasmuch as the specimen-to-
anode distance remained the same in both systems (see Figure 2).

Thus, the change in the peak intensity of the 112 reflection is not as
great as would be realized if the specimen-to-anode distance had been
reduced proportionalely.

In Table III the absolute and relative peak intensities for

all reflection planes from both Rowland circle patterns are summarized

14
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and compared with highly reliable reference data. The relative inten-
sities of the experimental data were obtained by taking the absolute
intensity of the specific reflection which lies nearest the design point
of symmetry of each Rowland circle and setting this value equal to the
intensity of the specific reflection as given by the ASTM. The design
point of symmetry is the 2§ angle which lies on the Rowland circle
at a distance from the center line of the sample which is equal to the
distance from the center line of the sample and the x-ray anode (see
Figure 2 ). For the Rowland circle with the 17.3 c¢m radius, the
symmetry point is 26°2p, or approximately the 101 reflection; for the
circle with the 8.8 cm radius the symmetry point is 47°2p, or approxi-
mately the 112 reflection. Analysis of Table IIl will indicate good agree-
ment between the experimantal intensities and ASTM data, which for
alpha quartz is considered to be highly reliable.

The asymmetric shape of the diffraction peaks, especially in
Figure 4, is worthy of note. Instrumental factors are known which modify
the profile and position of diffraction maxima. : These effects are gener-
ally manifested by peak broadening, shifting in position from the theore-

tical 28 angle, and by rendering the peak asymmetric. It is most likely

1. Klug, H.P. and Alexander, L.E., X-Ray Diffraction Procedures,
John Wiley, New York p 243.

16
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that the symmetry of the peaks in Figure 4 is due to vertical divergence
and absorption. 2. Vertical divergence effects are relatively minor at

Bragg angles around 900, but with decreasing 28 angle become more pro-

" nounced. This may be observed by comparing the diffraction peak from

the 100 reflection of Figure 4 with the 211 reflection of Figure 5. Peak
asymmetry due to absorption of the beam by the sample is ordinarily
small and considered to be less significant but not excludable without
investigation. The prototype camera arrangement designed and con-
structed to show the feasibility of a rapidly operating x-ray diffraction
system contained no Soller-slit collimation (for vertical divergence)
near the x-ray anode. In further modification of this camera design,
the additional use of Soller slits near the detector are recommended,
although in analyzing Figures 4 and 5 no detrimental effects from peak
asymmetry were observed while making the analyses, aside from the
askew appearance of the peaks. The use of Soller slits near the x-ray
source will also assist in reducing the background with subsequent

enhancement of the peak-to-background ratio.

2. Alexander, J., J. Appl. Phys., 25, 1954, p. 155-161.

S 17



-

1II. DETECTOR SYSTEMS

In order to sense the presence of an x-ray spectrum it is neces-
sary to use some sort of a detector. A good detector should have high
efficiency, high output, good linearity, the required resolution, and dis-
crimination against undesired background radiation. High efficiency is desirable
to reduce the exposure time of the detector to the x-rays. High output is
desirable to eliminate the need for signal amplifiers, thereby minimizing
the quantity of associated electronics. Good linearity is necessary to count
accurately the wide range of count rates encountered in the spectrum. The
resolution must be good enough to read the positions of the spectrum peaks
with sufficient accuracy to distinguish one material from another. The
detector should be sensitive to the characteristic x-ray radiation but not
to general x-ray radiation or cosmic radiation. For multiple detector ap-
plications it should have this discrimination without the aid of electronic
circuit discrimination to keep the electronics to a minimum.

The following detectors were considered in this preliminary
study phase: Individual stacked geiger counters, multiple geiger counters,
scintillation counter, channel-multiplier-type counter, and x-ray vidicon.
These counters were evaluated on the basis of their spatial resolution, ef-
ficiency, and sensitivity as well as the requirements with respect to power
supply voltage, complexity of associated electronics, ruggedness, vacuum
requirements, price, and temperature characteristics. Findings are

summarized in Table IV. The following comments can be made.

18
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Individual stacked geiger counters have a problem of poor
resolution. This problem, however, can be circumvented by stacking
the counters into multiple rows. In order to achieve the required spatial
resolution, a multiple array with about 500 individual counters, each cor-
responding to the minimum resolvable element, has to be realized. The
complexity of such a system makes this approach less attractive than some
of the other methods.

The multiple geiger counter consisting of many closely spaced,
insulated sections has some attractive features. It was decided to use a
geiger counter in preference to a proportional counter. The geiger
counter does not require a high gain electronic amplifier. Considering
that 500 individual channels are required, this will result in a substantial
saving of electronics. As the estimated dead-time of the geiger counter
is on the order of 50 microseconds, no coincidence losses would occur
at the radiation intensity levels ‘to be expected. Geiger tubes filled with
argon or neon have an inherent discrimination against general radiation
and cosmic radiation.

The scintillation counter, using fiber optic coupling to an image
intensifier and this in turn coupled through fiber optics to an image orthi-
con tube, was studied but its application remains doubtful . The evaluation
showed that the problem of optically coupling the scintillator to the fiber
optics would result in poor spatial resolution. Furthermore, the extremely
low light levels available require the use of a fairly complex image

20
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intensifier system. A possible solution to these problems might be the
use of a new secondary emission, high sensitivity vidicon presently being
developed for the Apollo program for a different application. This de-
vice, however, is not yet available.

The channel-multiplier-type counter was evaluated experiment-
ally. This counter has desirable features except that it does reqyuire a
somewhat high power supply voltage of 3500 volts. The main unknown,
however, with this counter was its efficiency of x-ray detection. This

parameter was measured and it was determined that the quantum efficiency

ic only 2.7 percent. While this value does not rule out the method completely,

this and the fact the counter must be operated in vacuum make it appear
disadvantageous.

The x-ray vidicon is a device equivalent to a regular vidicon
except that it will convert x-rays directly into an electrical signal. This
detector has excellent resolution but the output is at a low level, thus re-
quiring a high gain amplifier.

On the basis of this evaluation, we decided to proceed with
parallel approaches: one using a geiger counter and the other an x-ray
vidicon.

A. X-RAY VIDICON
Preliminary work was done with a borrowed closed-circuit TV

camera and monitor utilizing an x-ray sensitive vidicon tube in the camera.

21
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The reflections from the 200 plane of a single crystal of lithium fluoride
were observed on the TV monitor screen with an x-ray source equivalent
to one having a 25-watt power input. Resolution of the diffracted beam
was such that it was easy to discern Kg, and Kggp.

It was reasoned that the sensitivity of the camera could be im-
proved by a higher gain amplifier with decreased bandwidth to decrease
amplifier noise. Integration of the signal would also be helpful to reduce
the noise output. Slower sweeps would be necessary with the narrow band
amplifier. The slower sweep or a wait period would also be desirable to
allow the vidicon screen to build up a charge from low intensity radiation.

A camera was purchased and modified to provide sweeps with

respect to an x-ray spectral line, as shown in Figure 6. A one-kilocycle

Frame Sweep Time: 0.2 to 8 Seconds

|

1 kc sweep
rate across
screen

t
Spectrum Line

Figure 6. Sweep Signals on Vidicon Screen.

22



sweep across the screen was selected as slow enough to keep the ampli-
fier bandwidth requirements low but high enough to eliminate the need for
bulky coupling capacitors. With a frame sweep time of one second, the
frame would contain 500 lines. An adjustable delay was provided between
sweeps to allow the screen time to charge. This delay could be set from
0.5 to 30 seconds.

The output of this system was displayed on a standard oscillo-
scope with the scope sweep triggered to be concurrent with the camera
frame sweep. The output of the amplifier representing a spectral line
was integrated and applied to the vertical amplifier of the scope giving a

presentation as shown in Figure 7.

Figure 7. Oscilloscope Presentation.

23 \




The TV camera was set up in a calibrated direct beam from
the x-ray generator with an 0. 003 inch wide slit between the source and
the vidicon screen. Nickel foils with known attenuation factors were in-
serted between the slit and the vidicon screen to vary the count rate. Fig-
ure 8 is a photograph of the vidicon assembly mounted in position for ac-
ceptance of a collimated x-ray beam.

The first work was done with two used x-ray vidicon tubes,
Machlett type ML-589. The best sensitivity obtained with these tubes was
59,500 counts/sec/mm?® with a signal-to-noise ratio of two to one. The
screen was allowed to charge for 30 seconds and then read out with an 0.4
second sweep to produce this signal. Longer charge times for the screen
increased both the signal and the background output s0 that no improvement
in signal-to-noise ratio was obtained. This sensitivity was 1/10 of that
needed to detect the highest intensity radiation expected in observing
spectrums.

The vidicon was mounted in the Seemann-Bohlin camera ar-
rangement and at attempt was made to detect the 101 plane from a quartz
sample. General radiation from the sample made the background on the
vidicon so high that it was difficult to find the spectrum line. With 25 KW
and 16 ma of input to the x-ray tube, the 101 plane produced a signal on
the oscilloscope with about a two to one signal-to-noise ratio. The vidi-
con appeared to be sensitive to the shorter x-ray wavelengths contained
in the general radiation. The material used on the screen is proprietary

24
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information with the manufacturer but it is known that selenium is used

on x-ray sensitive vidicons. Selenium would not provide much discrim-
ination between general radiation of wavelengths of 0.5A and characteristic
radiation at wavelengths of 1.5A because the ratio of the mass absorption
coefficients is only about two to one for these two wavelengths.

A special x-ray vidicon was received from the Machlett Labora-
tories, Inc. This tube was different in that it has no glass between the
beryllium window and the photoconductive screen. Also, one-half of the
screen was 30 microns thick and the other half was 15 microns thick for
the purpose of evaluating the effects of screen thickness on sensitivity.

It was decided to give the new vidicon only a rough sensitivity
test to determine whether it had enough increase in sensitivity to bring it
near the required range. It would need to be 1000 times as sensitive as
the first vidicon to be able to detect the expected weakest spectrum lines.

The tube was set up in a direct x-ray bearm. When all condi-
tions were the same as with the old tube, it was found to be twice as sen-
sitive as the old tube. However, screen noise was not as high on the new
tube, allowing more storage time, and it was possible to see 60, 000

counts/sec/mm?*

with a signal-to-noise ratio of eight to one when the
screen was allowed to store for two minutes. The reduced screen noise
from this tube made stray noise pick-up by the high impedance target
circuit more objectional so a low impedance transistor amplifier using

all the target current as its base current was put in the signal amplifier.
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This improved the noise problem and it was now possible to detect 15, 000

counts/sec/mm?>

with a signal-to-noise ratio of three to one. These meas-
urements were made on the 15-micron thick screen which has about twice
the sensitivity of the 30-micron screen.

The vidicon sensitivity of 15, 000 counts/sec/mm?® was still so
poor, as compared to the necessary sensitivity needed to see the weakest
expected signal of 100 counts/sec/mm?®, that no additional work was done
with it.

B. GEIGER TUBES

Two parallel plate geiger tubes were made by LND Inc. The
first tube did not have a satisfactory plateau curve. The second tube,
shown in Figure 9, had parallel plate electrodes separated by 0.062" with
a mica window at one end and filled with neon gas at one-half atmosphere
of pressure. The plateau curve for this tube is shown in FigurelO. The
unamplified output pulse across the load resistor was 13 volts at the center
of the plateau (500V). This output was developed by a geiger tube current
of 13 microamperes. This tube was mounted in the Seemann-Bohlin camera
and used to obtain an x-ray diffraction pattern (shown in Figure 11) from a
powdered quartz sample. With this detector the 101 reflection had an
intensity of 170 ¢/s, a 10 to one peak-to-background ratio, and resolution
at half height of 0.6° 28.

In an x-ray diffractometer these parallel plate geiger tubes
would be closely spaced in staggered rows around the useful part of the
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Figure 9.

Parallel Plate Geiger Tube
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Figure 9.

GEIGER TUBE VOLTAGE
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Rowland circle of 2 Seemann-Bohlin camera. Figure 12 shows a multiple
flow-geiger tube constructed at the Alexandria Division of AMF. This tube
was constructed as shown in Figure 13 using two end plates with five
chamber insulators and four chamber plates sandwiched together and held
with machine bolts and nuts. The fine wire was held to the epoxy glass
insulating board with epoxy cement after assembly, a 1/4 mil thick

mylar window was cemented over the open ends of the chambers. As can
be seen in the drawing, gas ports were provided between chambers to provide
a lengthwise flow of gas through all ten chambers in series. Electrical
connections were made to the tabs on the chamber plates and the wires
extending from the rear of the chambers.

When a gas of 90 percent argon and 10 percent methane was passed
through the tube a plateau of 75 volts was obtained at about 600 volts. The pulse
output across the tube load resistors was about 20 volts and the peak tube
current was 20 microamperes. The quantum count efficiency of the tube
was 45 percent and the dead.time was about 50 microseconds.

When all ten channels of the tube were made to operate, some cross-
talk between channels due to pick-up by the high impedance electrical circuits
was noticed. However, the ratio of signal-to-crosstalk amplitude was
large enough to make crosstalk no problem.

Of the two types of detectors evaluated, the geiger tube meets
the detector requirements desired best. It has been shown that it is capa-
ble of producing a spectrum from a material sample, that it has high out-
put amplitude, and that a closely spaced multiple tube can be built. The
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problem of building a multiple chamber tube curved to match the Rowland
circle still remains. This tube would need each section made to the
proper thickness to give the desired resolution. For a constant resolu-
tion the thickness of the geiger tube sections must decrease as the Bragg
angle decreases, making construction of a multiple geiger tube difficult.

The vidicon tube is capable of resolutions much higher than
is required and its resolution is nearly independent of the Bragg angle.
Sensitivity is the main problem with the vidicon. One possible solution
would be an intensifier on the vidicon. This solution has the disadvantage of
requiring approximately 15 KV of high voltage for operating the intensifier.
C. FILM

The advent of high-speed Polaroid film with a ten-second
development time and the compatability of film to a cylindrically shaped
focusing camera makes this method of radiation detection worthy of con-
sideration. Two Polaroid films are available which have merit for this
application: Type 57 (ASA equivalent exposure index - 3200) and an even
faster industrial film, type 410 (ASA: 10, 000). All experimental work
was done with type 57 film using 4'' x 5" film packets. All evidence indi-
cates that data obtained with the slower film would be proportional to re-
sults obtained with faster film.

The use of a fluorescent screen will reduce exposure time or,

conversely, for the same time cause a more intense diffraction line on
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the film. For best results the active side of the fluorescent screen should
lie adjacent to the emulsion on one side only as opposed to an acetate
negative with emulsion on both sides. Hence, for maximum gain the
screen must be inserted into the packet in the dark room and exposure
made by passing the beam through the negative. Two commercially avail-
able fluorescent screens were used: DuPont 'Hi-Speed' screen and DuPont
"CB-2'" screen. The former is a barium-lead sulfide intensifying screen
and is moderately fast with good resolution while the latter is a zinc-
cadmium sulfide fluorscopic screen which is very fast but with poorer

resolution.

An example of the achievable variations of time and intensity
obtainable with these screens and Polaroid film is shown in Figure 14.
This experiment was conducted by allowing direct radiation to pass through
a cylindrical tube, 2" x 0.187"i.d., which to an extent acted as a colli-
mator. The tube was positioned so that one end was as close as possible
to the x-ray tube (CuKa radiation) while the film packet was firmly pressed
against the opposite end. Exposure times, starting with 1/4 minute, were
increased by a factor of two until a maximum of four minutes was reached.
The difference in intensity for varying exposure times was found to be
much greater with the '"Hi-Speed' screen than with the "CB-2" screen.
A 1/4 minute exposure to radiation with an intensity of 2700 ¢/s/mm?®
using the "Hi-Speed' screen produced an image that was barely discernable;

whereas an image produced with the '"CB-2" screen at the same exposure
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time was much stronger and would probably be of suitable intensity for

most diffraction work. Furthermore, it will be noted that with the '"CB-2"
screen the intensity of the 1/2-minute exposure almost equals the intensity
of the four-minute exposure. The '""CB-2' screen is much faster because of
its larger grain size and different phosphor. Consequently, poorer resolu-
tion is obtained as illustrated by the fuzziness of interface between the
white dot and the black background.

X -ray diffraction patterns were taken of powdered alpha quartz
using Polaroid film and a ""Hi-Speed' intensifier screen. A film packet
holder was first constructed which would hold the packet in a curved
position equal to that of the Rowland circle curvature. By mounting the
holder on the modified Seemann-Bohlin camera, patterns such as shown
in Figure 15 and 16 were readily obtained in six minutes. Inasmuch as this
film covers only a small segment of the 26 spectrum, the 101 reflection
was chosen as the reference line. In Figure 15 the linear distance between
each of the diffracted lines (i.e. 10l to the 110; 110 to the 102, etc.)
is in correct proportion to the ASTM reference data. Also, visual esti-
mates of the intensity of the diffracted lines agree with reference data.
Signal-to-background ratio is estimated to be on the order of ten to one
for the 101 reflection. This is in general agreement with the results of

other detectors which do noti use discrimination of some type.
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Operating Data:

REFLECTIONS

watts - CuKcz
Polaroid Fily

1 - type 57
{(ASA exposure index - 3200)
nsifying Screen - DuPont CB-2

.

e
Exposure Time - 6 minutes
For

5

ward Reflection Region -
101 (26.7° 22) to 200 (42.4° 27)

Figure 16. X-Ray Diffraction Pattern of Alpha Quartz Using Polaroid Film
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Summarizing the required number of photons per second per
square milimeter is in the order of 6 x IO7 for DuPont "Hi-Speed' intensi-
fier screen and about 4 x 106 for DuPont CB-2 screen corresponding to a
density of about 0.8. The sensitivity of these films without the intensifier
screen is down by a factor of 10 to 20. Thus, the use of Polaroid film
in combination with fluorescent screens offers a system of x-radiation
detection which can quickly, easily, and simultaneously record a diffraction
pattern. Potential technical areas of study for improving the signal-to-
background ratio and the resolution appear to be: (1) 2 better matching
of the film sensitivity to a particular wavelength of incident x-radiation;

(2) film sensitivity to the particular wavelength of the light emitted by the
excited phosphor; (3) an evaluation of several films with differing charac-
teristics, including grain size and the compatability of each film to
particular fluorescent screen; (4) an improvement in the mechanical
arrangement to ensure uniform and intimate contact of the screen and the
negative; and (5) an investigation of filters or other devices such as a
crystal monochromator to reduce bremsstrahlung or hard radiation scatter
and thus enhance the signal-to-background ratio. Cursory experiments
indicate that Polaroid film type 57 probably has sufficient inherent resolu-

tion for x-ray diffraction purposes, if the intensity is sufficient.
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IV. DATA HANDLING AND PRESENTATION

The data handling and presentation system fully reproduces all
functions which are to be performed in space, but only ten channels of
primary information are handled by the feasibility model. The system
concept calls for storing the outputs of ten channels and electronically
scanning the ten channels along with a sync signal and transmitting this
information in serial fashion on a single line. The serial information is
then selectively gated into individual channels and fed into a six-digit
counter which is switched manually between channels. It was decided,
for the feasibility model, to utilize commercially available logic circuitry
to the fullest extent possible. This was decided primarily for economic
reasons because this is a feasibility study and size at this point is not a
factor. The feasibility model is housed in a desk-top 19-inch rack which
contains all data reduction circuits and the controls for readout. The
feasibility model card rack and control panel are shown in Figure 17.

The system was designed to be applicable to any detector pro-
ducing output counts or pulses, but an array of amplifiers was designed
specifically to match the output of a geiger tube. A block diagram of the
system logic is shown in Figure 18. Channels 3 through 9 are omitted
from the drawing, but all ten channels have been constructed.

The data handling system consists primarily of a system clock,
scanning circuits, and ten information channels plus a sync signal. In-

coming information from the ten individual channels of the geiger tube
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are fed into N/4 counters to provide temporary storage until the output

of the channels is controlled by the clock rate of 30 kc. This rate allows
for simultaneous inputs on each of the ten channels varying independently
from zero to more than 10, 000 counts per second. The present data
handling system could handle an incoming data rate of up to 36, 000 counts
per second per channel simply by increasing the clock frequency to its
maximum rate of 100 kc. Commercial logic cards of the type shown in
Figure 19 were used throughout the system with the exception of the input
buffer amplifiers. Special input amplifiers were designed to make the
transition between the geiger tube outputs and the input requirements of
the logic circuits. As the outputs of the channels are scanned, the infor-
mation is gated onto a single line in serial fashion for transmission to the
readout point. In a flight instrument the readout point would be the space-
craft telemetry system.

After the data processing and presentation equipment were
built, it was connected with its supporting equipment for a system check.
All data reduction channels and the controls were checked and found to
perform well within design specifications.

Selective readout was chosen rather than simultaneous readout
primarily to reduce the cost of the feasibility model. After choosing the
channel with the selector switch on the master control panel, the "Accu-
mulate' button is depressed momentarily to activate the readout circuits

for a predetermined period of time. The count occurring during this
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Figure 19 Commercial Logic Card Used in Data Reduction Circuits.
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time is then accumulated and displayed on a Hewlett-Packard counter.
Pressing the ""Accumulate' button activates an audio oscillator and a
C.M.C. preset counter which are used to control the length of time that
data is presented to the counter. Time intervals for accumulation may

be varied from one second to 100 seconds with an accuracy greater than

1 percent. Varying the time for data accumulation is controlled by changing

the oscillator frequency and/or the preset count.

The techniques used in the feasibility model to put all the infor-
mation on one line and recover individual channel information are directly
applicable to 2 500-channel system. In the larger system the clock rate
would have to be increased to approximately 1.25 megacycles or the capa-
city of the channel counters would have to be increased to gain suffi-
cient temporary storage. An oscillator and shift register duplicating the
ones in the transmitting unit would be needed at the receiving end to re-
cover the individual channel information. By detecting the sync signal
in the information stream and using it to synchronize the oscillator and
the shift register, recovery of the information becomes exactly the re-
verse of the process used to put it into serial form. The ten-channel
feasibility system utilizes the same oscillator and shift register for re-
ducing the data to serial form and recovering it.

As a result of this effort it is clear that the detector outputs
can be handled in a manner economical in terms of size, weight, cost,

and telemetry capacity. The performance with a particular detector,
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such as the multiple geiger tube, remains to be demonstrated but it is not

expected to present any unusual problems.
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V. CONCLUSIONS AND RECOMMENDATIONS
The research program described in this report pertains to the
study of detector systems and compatible optic arrangements suitable for

simultaneous detecting and recording an x-ray diffraction spectrum without

the use of mechanical scanning devices. This program was conducted to
establish feasibility and design concepts utilizing multiple or stacked de-
tectors, a single fixed detector, or other pertinent x-ray detecting systems.
The experimental program was approached from three viewpoints: x-ray
optics, detecting systems, and data handling and presentation.

The most advantageous optical design was found to be the
focusing geometrical arrangement similar to that found in Seemann-Bohlin
cameras. The use of an asymmetrical arrangement is preferred as op-
posed to symmetrical geometry because it permits lower Bragg angle
reflections to be obtained. A prime advantage of the asymmetrical focus-
ing optical design for analytical x-ray diffraction analysis is due to the
fact that cameras can be constructed which give much greater resolution
and intensity without increased exposure time as compared with other
optical arrangements. On the average, curved optics will increase the
intensity of an x-ray beam by a factor of 16 to one when compared to a flat
optic system. Furthermore, specimen preparation, loading, and align-
ment are less complex.

Two prototype focusing cameras were designed and constructed .
In order to show design feasibility, the optical system was evaluated with
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a standard scintillation detecting system using pulse height discrimination.
The detector and discriminator were originally partof a standard labora-
tory x-ray diffractometer. With this system, the peak intensity of the 101
reflection of powdered alpha quartz was approximately 10, 000 counts per
second or about twice the value obtained on the Surveyor Bragg-type
diffractometer under equivalent conditions. The resolution was

0.3°28, and the peak-to-background ratio was about fifty to one. Theore-
tical considerations indicate that intensity and signal-to-background

ratio should improve even further if a smaller Rowland circle is used.

Two types of detectors were evaluated: the geiger tube and the
x-ray vidicon. The geiger tube had the required sensitivity and good dis-
crimination between the desired spectrum radiation and the undesired
background radiation. It still needs to be proven that a multiple geiger
tube of the correct configuration and with the required resolution can be
built. It is recommended that a multiple chamber geiger tube be built
and used as a detector in a Seemann-Bohlin camera along with the elec-
tronics to process the output.

The x-ray vidicon detector proved to have better than required
resolution but fell short of the required sensitivity. The minimum expected
peak intensity would be 100 counts/sec/mm?® but the lowest detect-
able peak intensity obtained with the vidicon was 15, 000 counts/sec/mm®
with a signal to noise ratio of three to one. From this it can be seen

L
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that the sensitivity would need to be improved by a factor of at least 150
or even more to improve the signal-to-vidicon-noise ratio. It is recom-
mended that an intensifier be added to the vidicon to increase the sensi-
tivity. This intensifier would provide an increase in sensitivity of 1000
without adding any noise. However, resolution of the intensifier is poorer
than the resolution of the vidicon alone and would require verification that
it is good enough as a detector for this focusing camera.

The use of high-speed Polaroid film when combined with fluor-
escent intensifying screens also provides a suitable method of detecting
and recording an x-ray diffraction spectrum. Exposure times of six
minutes or less were shown to be feasible for recording a portion of an
alpha quartz x-ray diffraction pattern. Recorded d values and relative
intensities (visually estimated) were in agreement with ASTM reference
data. Further work in this area is recommended. Primary emphasis
should be given to increasing the blackening of the film for incident radia-
tion of fixed intensity and to exploring the sensitivity range of film-
intensifier screen combinations.

A data handling and presentation system was designed and con-
structed in order to provide economical and realistic representation
of the functions of a space system. All logic fuctions were obtained with
commercially available NAND-NOR logic cards, primarily because this

type of logic could perform all necessary operations with a minumum
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number of components. The method of data handling is centered around
the sequence controlling shift register and the channel input counters used
for temporary storage. The feasibility model is capable of converting
ten channels of input data, varying independently from zero to more than
10,000 counts per second, to an output on a single line from which indi-
vidual channel information can be recovered. The readout used in re-
covering individual channel information utilized, wherever possible,

commercial equipment in lieu of specially designed circuits.
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